Macromolecular crowding as a means to assess the effectiveness of chondrogenic media.
Chondrocyte-based tissue engineering requires in vitro cell expansion, which is associated with phenotypic losses, decrease in Collagen Type II synthesis and increase in Collagen Type I synthesis. Another major obstacle in clinical translation of chondrocyte-based therapies is the lack of extracellular matrix (ECM) in the engineered cartilage substitutes. Various research and commercially available media claim that they can maintain chondrogenic phenotype, whereas macromolecular crowding (MMC) has been shown to increase tissue-specific ECM deposition and maintain cell phenotype in vitro. Herein, we hypothesised that the combination of chondrogenic media with MMC will enable chondrogenic phenotype maintenance during in vitro expansion and increase cartilage-specific ECM deposition, enabling that way the development of a tissue-engineered cartilage substitute. Immunocytochemistry analysis of Passage 3 human chondrocytes in normal media in monolayer revealed that MMC significantly increased Collagen Type I deposition, whereas no statistical difference was observed in Collagen Type II deposition. When Passage 3 human chondrocytes were cultured in normal media and alginate beads, immunocytochemistry analysis revealed that MMC increased, albeit not significantly, both Collagen Type I and Collagen Type II deposition. Subsequently, human chondrocytes were expanded up to Passage 6 in either fetal bovine serum or human serum and redifferentiated using commercially available chondrogenic media in either monolayer or alginate beads. Immunocytochemistry analysis revealed that MMC, independently of the serum used, significantly increased Collagen Type I deposition in human-redifferentiated monolayer and alginate bead chondrocyte cultures, whereas almost no Collagen Type II was detected. These data clearly illustrate that an optimal chondrogenic medium is still elusive.